As children develop, parents gradually transfer the responsibility for managing the tasks of daily life to their children. The concept of 'responsibility shift' captures this important everyday phenomenon. Taking full responsibility for a task involves knowing what the task is and when to do it, getting the task done on one's own or orchestrating resources to get it done, evaluating if the task was performed properly, identifying solutions if there is a problem, and solving problems until the task is completed satisfactorily. The final result of responsibility shift is that the young person manages all of these components of important daily life tasks. Taking responsibility enables young people to fulfill expectations of adult roles in their culture. Thus, the concept of responsibility shift provides a new approach to examining children's progress toward adulthood.
Conceptualizing the management of daily life tasks as a shift of responsibility may be an especially useful approach to understand the transition of adolescents with autism spectrum disorder (ASD) to adulthood. The core symptoms of autism such as difficulty initiating conversation, poor generalizability of skills from one context to another, and limited awareness of others' perceptions may make it more difficult for young people to take responsibility for important adult tasks such as communicating with healthcare providers, adapting to changes in work schedule, and maintaining personal hygiene. However, research to date has not examined the relationship among impairments, functional skills, and the management of life tasks. One barrier to undertaking such an investigation has been that there was no validated measure assessing the unique construct of responsibility shift.
Some research has examined the relationship between impairments and adaptive performance of daily tasks. For example, one study found that severity of autism symptoms was negatively correlated with overall adaptive behavior, 1 while another study found that symptoms and behaviors were only correlated for children classified as having highfunctioning autism. 2 Results of studies of the relation between measures of cognitive functioning and measures of adaptive function also have varied. Adaptive behavior was predicted by IQ levels in children with ASD classified as 'low functioning'; while, for those classified as 'higher functioning', language and memory predicted adaptive behavior scores. 2 However, another study found that all children with ASD had adaptive behavior skills that were significantly lower than their IQ. 3 Finally, studies have also reported varied findings across domains of adaptive behavior, particularly when domains other than socialization are impaired. 2, 4, 5 In addition, little is known about how impairments and functional skills change over time and the relationship of those changes to independent living outcomes for individuals with ASD. Some studies have suggested that some core symptoms associated with ASD, including social and communication skills, may improve over time while other behaviors do not. 6 Our previous research suggests that adolescents with ASDs are able to perform more functional tasks than younger children with ASDs, but do not acquire these skills in the same manner as adolescents without disabilities. 7 Clearly, there is a need for more research to better understand how impairments, functional skills, and management of life tasks relate to one another in this population.
Measuring responsibility using the PEDI-CAT-ASD
The Pediatric Evaluation of Disability Inventory-Computer Adaptive Test -Autism Spectrum Disorders (PEDI-CAT-ASD) is a modified version of the Pediatric Evaluation of Disability Inventory-Computer Adaptive Test (PEDI-CAT) for the population of children and adolescents with ASD. 8, 9 It includes minor item revisions, item additions, and modified instructions to give directions for rating certain behavior patterns common in ASD. The initial results suggest that the PEDI-CAT-ASD is a sound and efficient assessment for this population (Coster, personal communication). When completed, the PEDI-CAT-ASD will yield scaled (criterion) scores that are equated to the original PEDI-CAT scale to maintain interpretability and adjust for the addition of new items and differential item functioning.
The PEDI-CAT-ASD includes three theoretically informed domains that differentiate between impairments, performance of functional skills, and responsibility for life tasks. The PEDI-CAT-ASD is based on the World Health Organization's International Classification of Functioning, Disability and Health (ICF). 8, 10 The ICF proposes a dynamic relationship between body structures and function (impairments such as psychological and intellectual functions such as adaptability, attention and orientation, and range and regulation of emotion); skills that enable performance of functional activities in the areas of self-care, learning, and interpersonal relationships; and participation in life situations such as domestic life, employment, and community engagement. Figure 1 illustrates this dynamic relationship between these three components as it relates to adolescents with ASDs and the PEDI-CAT-ASD domains.
The PEDI-CAT-ASD Daily Activities and Social/Cognitive domains measure functional skills in the context of daily activity performance. Parents report the level of difficulty a young person has completing functional activities in their typical manner. For example, in the Social/Cognitive Domain, items direct parents of children with ASD to consider their children's primary mode of communication, which could include augmentative communication devices, sign language, or use of the Picture Exchange Communication System when evaluating their children's performance. In this way, the ability to perform an activity is differentiated from the underlying impairments in areas such as regulation or integrative language functions. (See Table SI , Supporting Information published online, for example items.) The PEDI-CAT-ASD Responsibility domain is a unique measure of participation and management of higherlevel tasks essential for independent living and successful transition to adulthood. These higher-level tasks require adolescents to apply a combination of functional skills measured in the Daily Activities and Social/Cognitive domains. The Responsibility rating scale measures the shift of responsibility from parents to the young person. The Responsibility domain addresses overall independence in managing essential life tasks rather than requiring independent performance. Responsible management of essential life tasks may include seeking resources or other people's assistance as needed in order to accomplish the task. Thus, the Responsibility domain is aligned with the ICF's concept of participation. Impairments associated with ASD are likely to impact the performance of daily tasks and participation in life situations, but the ICF framework suggests that there may not be a linear, direct relationship between impairments, functional skills, and participation.
The purpose of this study was to examine the relationship between impairments, functional skills, and the management of life tasks for adolescents with ASDs using the ICF framework. The analysis was guided by the research question: for children and adolescents with ASDs, are impairments or functional skills associated with the level of responsibility for life tasks?
METHOD
This study utilized an existing cross-sectional data set to examine the variables associated with the level of responsibility for life tasks for adolescents with ASDs. The data were originally collected to evaluate the performance of the PEDI-CAT-ASD. A series of secondary data analyses were preformed to answer our research question. We received • Functional skills as measured by the Daily Activities and Social/Cognitive domains are a better predictor of the variance in Responsibility than impairment severity as measured by IQ and Social Communication Questionnaire Current.
• There may not be a direct relationship between impairments and the management of life tasks for children and adolescents with ASDs.
human participant approval from Boston University Charles River Campus Institutional Review Board for all activities prior to data collection.
Sample
A convenience sample of parents of children and adolescents aged 3 to 21 years was recruited electronically through local and national venues targeted to adolescents with ASDs such as parent support groups or large service providers. The minimum age of three was chosen for two reasons. First, the average age at diagnosis of ASD is around 3 years of age.
11 Second, the Responsibility Domain purposely included items for which children begin to take responsibility earlier. An example item in the Responsibility Domain is managing bowel and bladder activity through the day. The transfer of responsibility in this area starts in early childhood. The data were collected between October 2010 and August 2011. Eligibility was determined via e-mail or over the phone by positive responses to the following questions: (1) Has your child been diagnosed with autism spectrum disorder, including autism, Asperger syndrome, or pervasive developmental disorder-not otherwise specified? (2) Do you and your child currently live in the United States of America? (3) Is your child between the ages of 3 years 0 months and 21 years 11 months? and (4) Are you the child's legal guardian (even if your child is above the age of 18?).
Procedures
All data collection was completed online using a secure website hosted by a private company. After enrollment, parents received a link and password to access the website. Parents provided informed consent online before proceeding to the online survey. A comprehensive demographic questionnaire was used to gather descriptive information about the children and their family context. This included children's fullscale IQ score and the IQ test used. Both were reported by parents. Parents also answered the Social Communication Questionnaire (SCQ) Current and PEDI-CAT-ASD items.
All data were downloaded from the secure website into PASW 18.0 (SPSS Inc., Chicago IL, USA). Duplicate respondents and respondents who did not provide data beyond initial consent were removed from the database. The number of responses available for each domain varied as not all participants completed the survey in full.
Instruments
The SCQ Current is used to describe current and past symptom severity, i.e. social and communication impairments. The SCQ 12 is a 40-item parent-report tool used to assess the presence of specific autistic behaviors. Higher scores indicate more severe behaviors. A series of studies suggest that the SCQ has acceptable sensitivity and specificity to screen for autism based on a cut-off score of 15. [13] [14] [15] [16] However, some suggest that for children under 8 years of age, a lower cut-off score is necessary to maintain acceptable sensitivity and specificity. 17, 18 Thus, for this study, we did not exclude respondents based on their SCQ scores.
Parents responsibility), and 5 (child full responsibility). See Table  SI for details.
Analysis
We selected variables for analysis that represent different components of the ICF framework. Full-scale IQ scores and SCQ current scores were used in the model to represent body structures and function, or impairments. Scaled scores from the PEDI-CAT-ASD Daily Activities and Social/Cognitive domains were used in the model to represent functional skills. The PEDI-CAT-ASD Responsibility domain scaled score was used as the outcome variable. Scaled domain scores (criterion scores) for each respondent were calculated using a two-parameter logistic Graded Response Model with PARSCALE and are expressed on a 20 to 80 scale. 8 The Graded Response Model can generate scaled scores for a domain with some missing responses because it is based on the item response theory assumption of sample and test independence.
Pearson correlations between variables were examined before regression analysis. Partial correlations were also calculated to control for the impact of age. We used a hierarchical multiple regression model to examine the relationship between predictor variables, impairments and functional skills, and the outcome variable, Responsibility. The hierarchical multiple regression model allowed the researchers to examine the unique contribution of the impairment and functional skills on the management of daily life tasks. 19 Age was entered in step 1 to control for the impact of development on Responsibility. All other variables were then entered in step 2. The DR 2 value, representing the increase in proportion of variance explained from step 1, was examined to determine the improvement in the model. The unique amount of variance each predictor variable contributed to the Responsibility domain scaled score was examined using r 2 . Standardized beta was examined for significance and the strength of the relationship between individual predictor variables and the outcome variable. Regression diagnostics, including residual plots, detection of influential cases, and check for multicollinearity, were used to determine whether there were any issues in the model.
19,20

RESULTS
Two hundred and sixty-three parents (93.5% mothers) gave full responses for the SCQ Current and all PEDI-CAT-ASD domains to be included in this analysis. Children were ages 3 to 21 years (mean age 12y 6mo [SD 4y 6mo]) and the majority were male (81.7%). One hundred and seventy parents reported an IQ score from a specific IQ test; 93 parents reported an IQ score but did not know the IQ test used to obtain that score. See Table I for more demographic information.
Correlations showed a significant strong relationship between all PEDI-CAT-ASD domain scores (0.76-0.85, p<0001) and a significant moderate relationship between other predictor variables and the Responsibility domain (0.40-0.68, p<0.001; Table II ). To examine the influence of age on these relationships, we computed partial correlations. A significant moderate to strong relationship between most predictor variables and the Responsibility domain remained after controlling for age (Table III) . However, the strength of the relationship between the PEDI-CAT-ASD domains decreased slightly after controlling for age, and the strength of the relationship between the PEDI-CAT-ASD domains and other predictor variables increased slightly after controlling for age.
After controlling for age, the multiple hierarchical regression model showed that step 2 predictor variables representing both impairments and functional skills improved the model, with R 2 increasing from 0.46 in step 1 to 0.85 in the final model (DR 2 for step 2=0.39, p<0.001). All variables except the SCQ score were significantly associated with Responsibility. The variance explained by the PEDI-CAT-ASD Daily Activities (2.7%) and Social/Cognitive (4.8%) domain scores was greater than IQ (0.3%; Table IV) .
We conducted follow-up analyses to determine if this model was robust for subgroups of our sample. We replicated the model with only those adolescents with SCQ Current scores greater than the accepted cut-off of 15. We replicated the model a second time including only adolescents with scores from a known IQ test. In these models, neither SCQ Current nor IQ score was significantly associated with Responsibility after controlling for age. The Daily Activities and Social/Cognitive domains continued to be significant at p<0.001. 
DISCUSSION
This cross-sectional study found that the functional skills of daily activities were more strongly associated with the management of life tasks than impairments for children and adolescents with ASD after controlling for age. Specifically, scores reflecting performance of Daily Activities and Social/Cognitive skills were better predictors of the variance in the PEDI-CAT-ASD Responsibility Domain than IQ score. The severity of ASD symptoms (impairments) as measured by the SCQ was not a significant predictor of the variance in the Responsibility domain score. However, the model left much of the variance in Responsibility scores unexplained.
In combination, our findings provide evidence for the dynamic and non-linear relationship between impairments, performance of functional activities, and management of The literature has found an inconsistent relationship between impairments and functional skills. The majority of these studies have used the Vineland Adaptive Behavior Scales to measure adaptive behavior. It is possible that these inconsistent findings are related to the instrument used to measure adaptive behavior. Measures such as the Vineland Adaptive Behavior Scales may not consistently differentiate between the adaptive performance of daily activities and underlying impairments. 21 The present study investigated the relationship between impairments and adaptive performance using a theoretically guided instrument, the PEDI-CAT-ASD, which attempts to separate performance from impairment. Thus, the PEDI-CAT-ASD may provide a better understanding of the relationship between impairments and functional skills for children and adolescents with ASD.
Findings also have clinical implications for our understanding of the acquisition of responsibility. Underlying impairments may not have a direct effect on the management of life tasks essential for independent living. Further, our model suggests that management of life tasks involves more than the ability to perform discrete activities, as our model did not explain all of the variance in the Responsibility domain. The finding of an indirect relationship between impairments and function in daily life is consistent with results from similar investigations conducted with older adults. These studies have reported that, for older adults, the impact of cognitive and physical impairments on the management of daily tasks (i.e. instrumental tasks of daily living such as shopping for groceries) is mediated by performance of discrete skills such as grasping and holding packages and cans at the store. 22, 23 Further research is needed to identify additional factors that explain the remaining variance in Responsibility domain. In particular it has been suggested that executive functions are important for effective management of higher-level life tasks. 24 
Limitations
A convenience sample was used in this study, and the majority of the participants were Caucasian. It is not known if the results can be generalized to children from other cultural backgrounds. Future study may target a more representative sample of the overall population or may replicate this study in a different culture. As parents and children in different cultures may have different expectations for when or how to take the responsibility of daily life task management, future research with specific cultural groups or comparisons between different cultural groups may also be valuable. In addition, the feature of the secondary data analysis limits the interpretations we can draw from our findings. As the initial study did not gather information on the executive functions, we were not able to examine the relationship between children's executive functions and the level of responsibility for life tasks. Moreover, this analysis included children and adolescents with SCQ Current scores below the typical cut-off; however, our findings were replicated even after those individuals were removed. This suggests that the proposed model may have relevance beyond adolescents with ASD. There was a strong correlation between the two predictor variables Daily Activities and Social/Cognitive scaled score. As a result, the shared variance between these two predictor variables left much of the variance unaccounted for in our final model. However, the regression diagnostics met expectations and our model was theoretically derived from the ICF, warranting inclusion of both domains.
CONCLUSION
This study used the new PEDI-CAT-ASD and the Responsibility domain to examine the shift of responsibility from parents to their children with ASD. The results showed that after controlling for age, the management of life tasks for children and adolescents with ASDs was more strongly associated with their functional skills of daily activities than IQ or the severity of ASD symptoms. These findings suggest that impairments may not have a direct effect on the management of life tasks essential for independent living, and demonstrate the potential usefulness of the PEDI-CAT-ASD for further examining the concept of 'responsibility shift' for children and adolescents with ASDs.
